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General procedure for syntheses of hydrazones
The chemicals were purchased from Sigma-Aldrich and Alfa Aesar (in purities from 97-99%) and used as received. The syntheses were carried out in a vibratory ball-mill Pulverisette 0 (Fritsch, Germany) equipped with a single stainless steel ball of 50 mm of diameter and 500 g, in a semi-spherical vessel of 9.5 cm of diameter. The plate vibrates with a frequency of 50 Hz and amplitude of 2.0 mm. A mixture of hydrazine (1 equivalent) and aldehyde (1 equivalent), both solids, in a total amount of 2 g, was placed in the equipment at room temperature (25 -28 °C) and the grinding was performed during times varying from 2 to 8 h. The transformations were followed by TLC. After the grinding time the powder was recovered to be analyzed without any purification, except when triethylamine was used with hydralazine hydrochloride. In this case, the powder was washed with water to eliminate the triethylamine salt, and then dried under vacuum. The system ball/powder/vessel never exceed 32 °C.
Characterization techniques
After each mechanosynthesis the crude products were identified and characterized by 1 H NMR, 13 C NMR, FTIR, UV, MS/HRMS and melting point. Absolute densities of the starting hydrazines were obtained using a He pycnometer.
1 H NMR and 13 C NMR
The 1 H NMR and 13 C NMR analysis were performed using high-field spectrometers: Bruker AVANCE-300 MHz (2 channels) or a Bruker AVANCE-400 MHz (3 channels) with DMSO-d 6 as solvent. Chemical shifts δ were expressed in parts per million (ppm) relative to TMS.
Determination of the degree of conversion by 1 H NMR
In reactions where 1 H NMR indicated a conversion lower than quantitative, the degree of conversion was calculated from the corresponding 1 H NMR intensities of the product and the unreacted aldehyde or hydrazine for the same proton.
Fourier Transformed Infrared Spectroscopy (FTIR)
FTIR analysis for identification was performed using KBr pellets on a Thermo Nicolet 5700 spectrometer. The main peaks/bands were identified, specially the -C=N-that is attributed to the hydrazone. FTIR studies with the solid hydrazines as function of temperature were recorded in IN10MX Thermo Scientific FTIR microscope equipped with THMS600 (Linkam Scientific Instruments) heating and freezing stage.
UV spectroscopy
UV-Vis spectroscopy was performed using a HP (Hewlett Packard) 8452A diode array spectrophotometer from 200 to 400 nm, with ethanol as a solvent at 20 °C and using quartz cells. The molar absorptivity was determined for the wavelength with the highest absorbance through Lambert-Beer's law with the molar absorptivity ε in (dm 3 mol -1 cm -1 ) expressed for the λ max of the molecule.
Mass Spectrometry and High Resolution Mass Spectrometry (MS/HRMS)
For determining of the exact mass, MS and HRMS were performed using a Waters Quadrupole Time-of-flight mass spectrometer XEVO G2-S QTof. The samples were dissolved in methanol and Electrospray ionization method was used.
Melting point determination
The melting points were determined using a Kofler heating bench system Heizbank Type WME (Wagner & Munz GmbH, Germany), with measuring accuracy of ± 1°C in the range of 50-260°C. If the melting point was higher than 260°C or if it could not be exactly determined because of an apparent degradation, the DSC analysis was employed. The analysis was perfomerd in a SETARAM ATG-DSC 111. The temperature programming was from 20 °C to 200 or 260 °C according to the sample with a constant rate of 5°C /min under nitrogen atmosphere.
2.6. DSC measurements: melting point and ΔH fus of the starting materials DSC measurements were performed in the same equipment as described in the section 2.5. The measures were carried out from -90 °C until the melt of the respective compound and the heat of fusion was found.
Absolute density
The true (absolute) density of the hydrazines was obtained using a Micromeritics AccuPyc II 1340 gas pycnometer with He as gas in 1 cm 3 cell. The measurements were performed two or three times, in which, each one is the average of twenty-five runs. Actually, the volume is measured and the density is calculated with the mass put in the cell.
Raman spectroscopy
The Raman spectra were recorded for the solid sample without further treatment after grinding. The samples were analyzed using a combined Confocal Raman AFMinstrument (WITec alpha 300R, WITec GmbH, Ulm, Germany) operating in Raman mode and in ambient conditions (ca. 22 °C, air). Raman spectra were measured using a with 532 nm frequency-doubled Nd:YAG laser and ultrahigh-throughput (UHTS 300) spectroscopy system with a CCD (charge-coupled device) as detector. Each spectrum is a result of others 10 at a selected point for an integration time of 1s.
Density-functional theory (DFT) calculations
The hydrazines structure modeling was performed by DFT using GAUSSIAN 09 i software in the B3LYP/6-311+G(d,p) ii level of theory. The stationary points were characterized by vibrational analysis of the minima. The theoretical FT-IR spectra, presented in Table 1S , were obtained by using 0.98 as calibration factor at 298 K. They are in agreement with the experimental spectra of the corresponding hydrazine and do not show any intramolecular Hbonding for the studied structures. Then, NBO (natural bond orbital) iii analysis was carried out in the B3LYP/6-311+G(d,p) level of theory with the minima geometry that were previously founded. The partial atomic charges were evaluated and compared and indicated that the ARN presented the lowest charge on the -NH 2 . Table S2 shows the minimum geometry and partial charges of all atoms for the respective hydrazine. 4. Melting point and ΔH fus of the starting materials DSC measurements were performed for all reactants, aiming to find the relation about the heat of fusion, the melting point, related to stability of the crystal, and the reactivity. The results are presented in Table 3S only for the hydrazines because the aldehydes do not show influence. The results do not show evidence of significant impact in the reactivity. As example, 3-aminorhodanine has the lower ΔH f and the second melting point in the series, which suggests it could melt easily during grinding and increase the reaction rate. However, 3-aminorhodanine still remains the less reactive.
FTIR studies as function of temperature
FTIR studies were recorded for some solid hydrazines. Figure 1S presents the spectra of 3-aminorhodanine in the region of NH 2 vibrations and the behavior as function of temperature. 
Characterization data of the hydrazones
Compounds 1a to 5a, 1b to 5b, 1d to 3d and 5d, were previously fully reported and characterized (See Ref. 38 and 46) . The characterization data for the others hydrazones are summarized as follows. N'-(4-hydroxy-3,5-dimethoxybenzylidene) 49, 105.10, 125.03, 128.01, 128.90, 132.04, 134.12, 138.43, 148.60, 148.94, 163.43 
(E)-

